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1..  The  p\irpose  of  this  paper  is  to  clarify  the  economic  implications 
of  Arrow's  impossibility  theorem  of  the  welfeure  function  [l],  and  to 
prove  another  impossibility  theorem.  As  Arrow's  theorem  is  stated  in  a 
very  general  form,  it  is  applied  not  only  to  the  economic  choice  but 
also  to  the  political  choice.  On  the  other  hand,  such  generality  may 
sometimes  conceal  the  direct  applicability  of  the  theorem  to  the  prob¬ 
lems  in  some  special  fields.  At  first  glance,  Arrow's  theorem  seems  to 
have  no  relevance  to  the  choice  under  a  certain  market  situation.  His 
theorem  concerns  the  intrinsic  inconsistency  of  social  choice.  But 
as  will  be  seen  below,  it  has  a  close  relationship  to  the  economic 
choice  under  a  certain  market  situation.  The  social  welfare  function 
is  a  rule  through  which  the  social  choice  function  is  constructed  from 
individuals'  choice  functions.  In  Arrow's  theorem,  the  domain  of 
definition  of  the  social  choice  function  consists  of  all  subsets  of 
alternatives .  In  such  a  case,  there  is  no  social  welfare  function 
which  satisfies  Arrow's  conditions  1-5.  But,  if  the  domain  of  defini¬ 
tion  of  the  social  choice  function  contains  only  some  subsets  of  alter¬ 
natives,  there  may  exist  some  social  welfeire  functions  which  have  the 
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desired  properties.  Arrow's  theorem  is  stated  in  such  a  genereJ.  form 
that  there  may  be  no  meaningfvil  way  to  restrict  the  domain  of  definition 
of  the  choice  function.  To  do  so,  we  should  have  to  rewrite  Arrow's 
theorem  in  a  more  specified  form  using  the  terms  of  treuiitional  economics. 
We,  therefore,  ass\ame  that  a  social  state  can  be  expressed  by  a  point  in 
the  nonnegative  orthant  of  an  n-dimensional  space .  Generally,  a  choice 
function  is  defined  on  a  class  of  some  subsets  in  this  orthant.  In 


Arrow's  case,  the  choice  functions  are  defined  on  a  class  of  all  subsets 


in  this  orthant  (Fig.  l),  and  the  incon¬ 
sistency  of  a  non-trivial  welfare  function 
is  shown  for  such  choice  functions.  But, 
if  the  choice  functions  are  defined  on  a 


class  of  some  limited  type  of  subsets. 


then  the  inconsistency  may  be  removed. 


Fig.  1 


This  is  our  problem.  From  an  economic 


view  point,  the  most  important  and  meaningful  case  may  be  the  case  where 


the  definition  domain  of  the  choice  functions  is  restricted  to  the  class 


of  the  budget  constraint  sets  (Fig.  2). 
The  difference  of  the  definition  domain 
of  the  choice  functions  may  entail  a 
different  result.-^  It  will  be  shown 
that  the  Inconsistency  of  a  non-trivial 
welfare  function  remains  eA^en  if  the 
domain  of  definition  of  the  choice 


function  is  restricted  to  the  class  of  the  budget  constraint  sets  vinder 
the  market  situation  of  conplete  price  differential.  Such  a  msirket 
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situation  means  that  every  individual  confronts  completely  separated 
markets  from  each  other  and  the  price  of  a  commodity  may  be  quite 
different  from  one  individual  to  another.  Such  an  impossibility  theorem 
may  be  easily  or  directly  suggested  by  Arrow's  theorem  through  the 
aneilogy  to  the  relation  between  the  existence  of  the  utility  index  and 

2/ 

the  strong  axiom  of  revealed  preference.-^  This  is  why  we  say  that 
Arrow's  theorem  has  a  close  relationship  to  the  economic  choice  under  a 
certain  market  situation. 

Now,  if  the  market  situation  is  different  from  that  of  complete 
price  differential.  Arrow's  theorem  cannot  suggest  directly  the  possi¬ 
bility  of  a  non-trivlal  welfare  function.  Our  main  purpose  in  this  paper 
is  to  prove  an  impossibility  theorem  of  the  welfare  function  where  e-very 
individual  confronts  the  same  market.  And  this  impossibility  theorem 
may  cover  the  impossibility  theorem  stated  above.  In  fact,  if  the 
iinpossibility  theorem  is  valid  for  the  more  restricted  domain  of  defi¬ 
nition  of  choice  function,  it  is  also  valid  for  the  less  restricted 
domain. 

To  get  the  impossibility  theorem,  we  assume  that  the  individual 
preference  orderings  can  change  freely  in  a  certain  sense .  We  have 
impossibility  theorems  for  both  above-mentioned  market  situations  under 
such  an  assumption.  There  arises  no  difference.  But,  if  the  indi-vidual 
preference  orderings  are  restricted  to  those  of  constant  margined, 
utility  of  money,  the  difference  due  to  market  situations  arises.  This 
difference  may  serve  as  an  example  of  the  importance  of  the  Introduction 
of  the  market  situation  into  the  social  choice  problem.  Summarizing, 
the  purpose  of  this  paper  is  to  study  how  the  impossibility  theorem  of 
the  social  welfare  function  works,  if  the  choice  function  is  restricted 
to  the  demand  f\mction. 
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2.  We  shall  use  almost  the  same  notation  as  in  [7]»  Let  the  number  of 
individuals  and  commodities  be  m  and  n,  respectively.  We  assume 
that  the  individual  preference  ordering  is  individualistic .  The  prefer¬ 
ence  ordering  of  each  individual  is  expressed  by  the  functions  of 
marginal  rates  of  substitution.  Let  the  marginal  rate  of  substitution 
of  the  i-th  individual  between  n-th  and  J-th  commodities  be 


_ n  i/  i\ 

- T  =  s  (x  )  . 

ax^  *3 

J 


Here,  x^  =  (x^,  ...  ,  x^)  is  a  point  in  the  nonnegative  orthant  of  an 
n-dimensional  space,  and  each  component  expresses  the  amount  of  the 
commodity  consumed  by  the  i-th  individual.  We  sissume  that  s^(x^) 

(j=l,  ...  ,  n-l)  satisfy  the  integrability  condition,  i.e.. 


-i 

Jk 


^  ax^ 

n 


n 


(J  k)  . 


This  assumption  assures  the  consistency  of  the  individiial  preference 
ordering.  Further,  we  assume  that  matrix 

? 


is  negative  definite .  The  integrability  condition  is  expressed  by  the 
symmetry  of  matrix  Let 


Vector  X  egresses  a  social  state.  A  social  state  is  expressed  as  a 
point  in  the  nonnegative  orthant  of  an  mXn-dimensional  space .  The 


h 


preference  ordering  of  the  society  eunong  the  social  states  is  defined 
by  the  fvinctions  of  the  marginal  rates  of  substitution  between  the  n-th 
commodity  consumed  by  the  m-th  individual  euid  the  J-th  commodity  consumed 
by  the  1-th  individual.  Now,  the  welfare  function  is  a  rtile  by  which  a 
preference  ordering  of  the  society  is  constructed  from  the  preference 
orderings  of  indlvidued.s .  In  our  case,  the  preference  orderings  of 
individuals  or  the  society  are  expressed  by  the  functions  of  marginal 
rates  of  substitution.  We,  therefore,  can  define  the  social  welfare 
function  as  follows:  We  csill  a  set  of  functions  (a3^(x);  i=l,  ...  ,m-l) 
a  welfare  function,  by  which  the  marginal  rates  of  substitution  of 
society  are  constructed  from  the  functions  of  the  marginal  rates  of 
substitutions  of  indivlduaJ.s  in  the  following  way: 


.  ^  . 

The  left-hand  side  expresses  the  marginal  rate  of  substitution  of  the 
society  between  the  m-th  individual's  n-th  commodity  and  the  i-th 
individual's  J-th  commodity,  a)^(x)  expresses  the  msirginal  rate  of 
substitution  of  the  society  between  the  n-th  commodities  consumed  by 
m-th  and  i-th  individuals;  i.e., 

&x“  . 

-  - T  =  U)^(x)  . 

Sx 

n 

This  shows  that  if  we  know  the  margined,  rates  of  substitution  of  the 
society  between  the  n-th  commodity  consumed  by  m-th  and  that  by  any 
other  individual,  we  can  calculate  the  meurginal  rates  of  substitution 
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between  all  commcxilties  consumed  by  all  individuals.  As  is  easily  seen, 

the  marginal  rate  of  substitution  of  the  society  between  the  n-th  and 

J-th  commodities  consumed  by  an  individual  is  equal  to  that  of  the 

individual.  We  defined  the  welfare  fvinction  in  a  somewhat  untraditional 

way.  But,  as  was  shown  in  [7]»  the  welfeire  function  of  the  Bergson- 

Samuelson  type  can  be  defined  in  this  way. 

In  the  above  eirguments,  the  preference  orderings  of  individuals 

are  assumed  to  be  fixed,  and  thus  co^(x)  (/=!,  ...  ,  m-l)  are  also 

assumed  to  be  fixed.  But,  if  the  tastes  of  individuals  change,  what 

happens?  If  co  (x)  (/=1,  ...  ,  m-l)  are  fixed  for  any  changing 

individual  orderings,  functions  of  the  marginal  rates  of  the  society 
it  i  1, 

defined  through  o)  (x)  from  s  (x  )  may  not  satisfy  the  integrability 

condition.  Or,  the  consistency  of  the  preference  ordering  of  the 

It  \ 

society  may  be  violated.  In  general,  if  function  forms  of  cu  (x) 

(/=!,  ...  ,  m-l)  can  change  when  functions  b^(x)  change,  or  cd'*(x) 
are  functionals  of  s^(x),  we  can  find  some  cn  (x)  such  that  the 
functions  of  the  marginal  rates  of  the  society  defined  through  co 
from  Sj(x^)  satisfy  the  integrability  condition.  Then  we  have  a 
problem.  Can  we  find  some  non- functional  welfare  function?  The  meaning 
of  the  non-functional  welfare  function  and  its  relation  to  Arrow's 
condition  5  were  discussed  in  [7].  The  non-functional  welfare  function 


is  written  as  follows: 


Ju)  =  a)^(sl(xl). 


m/  m\  \ 
,.  ,  s  (x  ),  x) 


(i=l,  ...  ,  m-l) 


It  is  shown  in  [7]  that  such  a  welfeire  function  should  be  trivial,  i.e., 
dictatorial  for  any  possible  IndlvidueJ.  orderings. 


I 
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Now,  we  know  the  relationship  between  the  consistency  of  the  pre¬ 
ference  ordering  and  the  strong  axian  of  revealed  preference.  The 
latter  is  related  to  economic  choice  xmder  budget  constraint.  Our 
social  welfare  function  concerns  the  consistency  of  preference  ordering 
of  the  society. 

Anadogously  to  the  case  of  the  demand  function  of  a  consumer,  we 

may  be  able  to  relate  the  consistency  of  preference  ordering  of  the 

society  to  the  property  of  the  demand  function  of  the  society.  Before 

I,  . 

moving  on  to  this  problem,  we  reconsider  the  meaning  of  functions  (a  {x) . 

If  ai'*(x)  >  1,  this  means  that  the  loss  of  "welfeure"  due  to  the 
decrease  of  one  marginal  unit  of  the  n-th  commodity  consumed  by  the  m-th 
individual  is  smaller  than  the  gain  of  "welfare"  due  to  the  increase  of 
one  marginal  unit  of  the  n-th  commodity  consumed  by  the  /-th  individual. 
Thus,  the  transfer  of  one  margined  unit  of  the  n-th  commodity  from  the 
m-th  indivldxied  to  the  i-th  individual  increases  the  "social  welfare." 

If  oj'^Cx)  <  1,  the  inverse  is  true.  Thus,  the  optimal  distribution  of 
commodities  is  achieved  when 

oi^(x)  =  1  for  all  i  , 

aside  from  neglecting  the  case  of  corner  optima. 

We  shedl  consider  the  following  socially  optimal  distribution  of 
the  total  Income  to  the  Individuals.  Here,  each  Individual  confronts  a 
market,  separated  completely  from  other  markets.  Let  the  price  of  the 
J-th  commodity  in  the  i-th  market  be  p^,  and  total  income  be  I. 

(l.l)  a)‘*(s^(x^),  ...  ,  s^Cx”),  x)  =  1  ,  (/=!,  ...  >  m-l) 
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(1.2) 


( i“l^  . • •  f  mj  j“l^  • • •  f  n“l) 


(1.3) 


n  m  .  . 

^  ^  " 
j=l  i=l  *' 


Solutions  (1=1^  •••  )  ®}  J=l>  •••  f  ri)  can  be  considered  as 
J 

functions  of  and  I,  or  explicitly 

J 


1/1  m  t\ 

Xj(p  ,  ,  p  ,  I)  . 


Here,  p^  =  (p^,  ...  ,  p^) . 


Now,  function  xAp"^,  ...  ,  p°^,  l)  is  a  demand  function  for  the 

U 

j-th  commodity  of  the  1-th  individual.  The  same  commodity  may  have 
different  prices  in  different  markets ♦  Hence,  the  same  commodities 
consumed  by  different  individuals  should  be  treated  as  different 
commodities.  We  exclude  in  this  paper  the  case  of  the  corner  optimum 
from  (l.l)-(l.3).  Thus,  system  (l.l)-(l.5)  may  not  have  a  solution  for 
some  forms  of  the  function  s^(x^)  and  some  values  of  p^  and  I. 

In  an  extreme  case,  (l.l)-(l.3)  may  have  no  solution  for  any  forms  of 
the  function  s^(x^)  and  any  values  of  p^  and  I.  In  such  a  case, 
we  may  say  that  the  demand  functions  defined  by  (l.l)-(l.5)  satisfy  the 
integrability  condition  in  a  trivial  sense.  For,  the  definition  domains 
of  the  demand  fimctlons  are  empty.  If  we  permit  such  a  case,  we  may 
have  a  welfare  function  (cn  (s  (x  ),  ,  s  (x“),  x)j  i=l,  ...  ,  m-l) 

such  that  system  (l.l)-(l.3)  gives  the  demand  functions  satisfying  the 
strong  axiom  of  revealed  preference.  But,  we  confine  ourselves  to  the 
case  where  some  solutions  of  non-corner  optima  exist  for  some  function 
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forms  of  s^(x^)  and  some  veilues  of  and  I.  Then,  there  is  no 

welfcLre  function  such  that  (l.l)-(l.3)  gives  the  demand  function  satis¬ 
fying  the  strong  axiom  of  revealed  preference  for  any  possible  individual 
orderings.  This  can  be  seen  by  a  more  general  theorem  shown  in  the 
following  sections.  As  was  already  stated.  Arrow's  theorem  or  the 
theorem  in  [7]  concerns  the  choice  function  where  the  domain  of  defini¬ 
tion  is  not  confined  to  budget  constraint  sets.  But,  if  the  domain  of 
definition  is  confined  to  budget  constraint  sets  under  the  market 
situation  of  complete  price  differentieil,  we  have  the  impossibility 
theorem,  too.  The  latter  theorem  is  different  from  Arrow's  or  the 
theorem  in  [7],  but  it  is  directly  suggested  by  them,  through  the 
analogy  to  the  relation  between  the  consistency  of  the  preference 
ordering  and  the  strong  axiom  of  revealed  preference  of  the  demand 
functions.  This  is  why  we  say  that  Arrow's  theorem  has  a  close  relation¬ 
ship  to  the  economic  choice  under  a  certain  market  situation. 


3.  In  the  previous  section,  we  stated  that  Arrow's  theorem  suggests 

directly  the  impossibility  theorem  when  the  choice  function  is  restricted 

"to  the  demand  functions  under  the  market  situation  of  complete  price 

differential.  But,  such  a  market  situation  may  be  peculiar,  euid  if  the 

market  sitxiation  is  different,  how  does  the  impossibility  theorem  work? 

More  specifically,  if  every  individual  confronts  the  same  price  situation, 

how  does  the  inpossibility  theorem  work?  We  call  this  market  situation 

a  perfectly  conpetitive  market.  That  is,  p  =  P.  =  '**  = 

J  J  J 

should  always  hold  in  system  (l.l)-(l.5).  Such  a  market  situation  may 
be  another  extreme  case.  But,  as  is  easily  seen,  the  domain  of  definition 
of  the  choice  f\inction  becomes  narrower  in  this  case  than  the  case  of 
the  market  situation  of  complete  price  differential.  Thus,  if  we  ceui 
prove  the  inpossibility  theorem  for  this  case,  it  is  also  valid  for  the 
other  extreme  case.  If  we  consider  the  preference  ordering  of  a  family  - 
the  society  of  minimum  size  -  it  may  be  natural  to  assume  that  every 
individual  confronts  the  same  price  situation.  In  fact,  the  problem  of 
the  consistency  of  the  preference  ordering  of  a  family  may  be  one  of  the 
most  important  cases  of  the  social  choice  problem.  Moreover,  we  can  get 
the  inposslbillty  theorem  for  the  following  Intermediate  market  situation 
from  this  theorem:  All  individuals  are  divided  into  some  groups,  and 
every  member  of  the  same  group  confronts  the  same  market.  Now,  we  shall 
formulate  our  problem, 

(2.1)  cn‘^(s^(x^),  ...  ,  s“^(x“),  x)  =  1  ,  (i=l,  ...  ,  m-l) 

(2.2)  IX ^  =  Pj/p^  =  Sj(x  )  ,  ( i=l,  ...  ,  m}  J=l,  ...  ,  n— 1) 
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(2.5) 


2: 


j=i 


m 

p 

i=i 


i 

j  "j 


=  I 


(2.4) 


i 

^  X.  =  X.  ( J=l^  •  •  •  f  n)  . 

i=l 


The  solution  of  this  problem  expresses  the  optimal  distribution  of 
commodities  among  Individuals  subject  to  budget  constraint  under  the 
perfectly  con5)etitlve  market  situation.  The  total  demand  function  for 
the  j-th  commodity  is 


(Pl>  •••  >  Pn»  '  V 


n), 


1=1 


In  this  case,  the  same  commodity  has  the  same  price  for  every  individual 
and  should  be  treated  as  such.  If  a)'*(s^(x^),  ...  ,  s™(x™),  x), 

(i=l,  ...  ,  m-l)  are  given  arbitreo'ily,  demand  functions  Xj (p^, . . .,p^,I 
(j=l,  ...  ,  n)  may  not  satisfy  the  strong  axiom  of  revealed  preference. 
Then,  Is  there  any  velfeire  function  such  that  the  above  system  gives  the 
demand  functions  satisfying  the  strong  axiom  of  revealed  preference  for 
any  possible  Individual  orderings?  Here,  we  see  some  conspicuous 
difference  from  Arrow’s  case.  In  Arrow's  case,  or  in  its  economic 
version,  the  ordering  relation  of  the  society  is  defined  in  an  mXn- 
dimenslonal  space,  but  in  the  above  case,  a  social  ordering  relation  is 
defined  in  an  n-dimensionaJ.  space.  That  is,  the  social  ordering 
relation  is  defined  only  on  the  aggregated  alternatives. 

Now,  we  shall  consider  the  meaning  of  system  (2.l)-(2.4).  If  total 
demand  functions  Xj(p^,  ...  ,  p^,  l)  satisfy  the  strong  axiom  of 
revealed  preference,  we  have  some  index  ’k(x^,  ...  ,  x^)  such  that 
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Xj(p^,  ...  ,  I)  are  the  solutions  of  the  following  maximizing 
problem: 

Max  tCx^,  ,  x^) 

subject  to 

n 

X  pj  -  I  • 


J=1 


i|f(x.  ,  ....  X  )  defines  the  social  indifference  curves.  Thus,  our 
problem  can  be  stated  in  another  way.  Is  there  any  non -functional 
welfare  function  such  that  the  social  Indifference  curves  always  exist 
for  any  possible  individual  preference  orderings?  As  was  shown  in  [8], 
the  social  indifference  curves  exist  if  a  welfare  function  of  the 
Bergson-Samuelson  type  is  given.  In  this  case,  the  tastes  of  individuals 
are  fixed  and  thus  the  welfare  function  (a)^(x)^  /=1,  ...  ,  m-l)  is  also 
fixed.  In  OTor  case,  the  tastes  of  individuals  change  freely.  Our  purpose 
is  to  show  that  any  fixed  welfeore  fxinction  (co  (x)j  /=!,  ...  ,  m-l),  or 
more  generally,  any  non-functional  welfare  function(cii'^(s^(x^j^  . .  .,s™(x”^),x) 
i=l,  ...  ,  m-li,  will  not  give  the  social  indifference  curves  for  some 
preference  orderings  of  individuals.  This  is  another  in5>os8ibility 
theorem  for  the  social  welfare  function. 

We  may  be  able  to  Interpret 

(2.1) -(2.4')  in  another  way.  From 

(2.2)  and  (2.4),  we  have  the  "contract" 
curve"  in  the  "Edgeworth  Box"  (Fig.  3). 

A  point  on  this  ciirve  represents  a 
Pareto  optimal  distribution  of  total 
amounts  of  all  commodities.  (2.l)  is 


Fig.  3 
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the  rule  for  picking  up  the  most  favorable  point  for  the  society  on  the 

"contract"  curve.  The  slope  of  the  Indifference  curves  of  individuals 

at  this  optimal  point  is  =  P,/p  •  The  marginal  rate  of  substitution 

of  the  society  between  n-th  and  J-th  commodities  at  point  (x^,  ...  ,  x^) 

is  equal  to  «  .  We  may  consider  the  inverse  functions  of  the  demand 
J 

functions.  Then,  n,  can  be  considered  as  a  function  of  x. ,  . . .  ,  x  . 

*  J  1'  '  n 

...  ,  x^)  may  or  may  not  satisfy  the  integrability  condition. 
Thus,  oxxr  problem  may  be  stated  in  this  way:  Is  there  any  non-functional 
welfsire  function  such  that  itj(x^,  ...  ,  x^)  (j=l,  ...  ,  n)  satisfy  the 
integrability  condition  for  siny  possible  individual  preference  orderings? 

We  shall  state  one  more  economic  interpretation  of  our  system:  Let 
the  1-th  individual's  demand  function  be 


, ...  ,  •••  >  • 


J 

Here,  is  the  income  of  the  i-th  individueJL  in  terms  of  the  n-th 

commodity)  that  is,  these  functions  are  derived  by  solving  the  following 
system: 


%  ’'i  '5  ■  “i 


j-i 


‘"n  ■  • 


This  system  shows  the  maximizing  "utility"  of  the  i-th  individual  tinder 
the  budget  constraint.  If  the  function  forms  of  s^(x^)  are  given, 
the  function  forms  of  the  demand  functions  are  determined.  Then, 
system  (2.l)-(2.k)  can  be  written  as 


JL  1  ni 

•••  f  X  •••  f  X  ^ •  •  •  ^lu— l) 
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(2.2)' 

(2.3)' 


^  M  =  M(=  I/p  ) 


1=1 


m  ^ 

^  X.  (it^  ^  ~  (j“l^  ...  #  1^) 

1=1  J  ^  J 


Here,  n  and  M  are  parameters  and  M^(l=l,  ...  ,  m)  and  Xj(j=l,  ...  ,n) 
are  unknown.  We  Introduced  new  unknown  variables  and  eliminated 

unknown  variables  .  The  economic  meemlng  of  system  (2.l) '-(2.5) '  Is 
easily  explalnedj  that  Is,  the  solution  of  this  system  expresses 

the  socially  optimal  distribution  of  Income  to  the  1-th  Individual. 

Thus,  our  welfare  function  can  be  Interpreted  as  the  rule  by  which 

the  optimal  distribution  of  Income  among  Individuals  Is  determined.  If 
the  demeuid  structures  of  all  Individuals  Is  known.  We  shall  discuss  the 
economic  interpretation  of  our  problem  in  more  detail  below. 

We  often  used  the  term  "any  possible  IndivldueLL  preference 
orderings."  Here,  we  must  explain  the  meeming  of  this  term.  We  shall 
define  the  domain  of  the  Individual  preference  orderings  as  follows: 
s^(x^)  can  take  any  valvie  in  an  open  Interval  (N  ,  L  )  such  that 
0  <  N  and  L  <  ».  One  restriction  is  that  matrix  Is  symmetric 

and  negative  definite .  Otherwise  the  elements  of  ^  can  change 
freely  for  fixed  values  of  x'^  and  s^(x^).  We  don't  limit  the  value 

3.^  -1 

of  — provided  ^  is  symmetric  and  negative  definite.  From  this 

freedom,  we  have  the  following  two  properties  which  will  be  used  below. 

One  is  that  every  element  of  5^, 


1 

^  1  ■  °k  7i  "  ®1k  '  (J  >  k)  , 

K  K  ■’ 


I 
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ds 


can  change  freely  in  a  certain  interval.  Another  is  that 
change  freely  in  a  certain  interval.  For 


can  also 


n 


Ss^  Bs^ 

-i  -  sf  -4  =  s^ 


Jk 


of  can  keep  the  same  value  by  adjusting  the  value  of 


as 


even  if 


as^ 


ax^ 


changes . 


We  may  say  that  the  freedom  of  taste  of  Individuals  is  expressed  in 
two  ways.  One  is  the  freedom  to  select  the  value  of  the  marginal  rate 
of  substitution,  and  another  is  the  freedom  to  select  the  value  of  the 
change  rate  of  the  marginal  rate  of  substitution. 

For  the  explanation  of  the  meaning  of  this  freedom,  we  shall  cite 
two  classes  of  preference  orderings  which  do  not  satisfy  the  above- 
mentioned  conditions. 

One  is  the  class  of  the  constant  marginal  utility  of  money.  We 
have  no  cardinal,  utility,  so  we  must  interpret  the  constancy  of  the 
marginal  utility  of  money  in  some  way.  We  follow  the  method  of  Hicks  [5]. 
As  was  shown  in  [ 7 ] , 


5s 


5x 


=  0  . 


5s 


Thus,  in  this  class  of  preference  orderings,  the  veilue  of 


5x^ 


has  no 


n 


freedom  to  change . 

Another  class  is  that  of  homogeneous  preference  orderings .  In  this 

case 


n  5s^ 

k=l  5xj^ 


1 
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Thvis,  in  this  class,  — j  can  take  any  valvie  in  a  certain  interval, 

n  _ 

but,  at  the  same  time,  the  elements  of  should  change,  except  in  the 

case  where  x^  and  s^  have  some  specieil  relations . 

As  is  easily  seen,  matrix  expresses  the  curvatures  of  the 

indifference  s\irface  at  a  point.  The  above  mentioned  freedom  may  be 
stated  as  follows .  The  slope  of  the  indifference  surface  at  a  point  can 


take  any  values  in  a  certain  interval 
(Fig.  1;),  the  curvature  at  the  point 
can  take  any  values  for  a  fixed  slope, 
provided  the  indifference  curve  is 
convex  (Fig.  5),  and  the  change  rate 
of  the  slope  in  one  direction  can 
take  any  values  in  a  certain  limit 
for  a  fixed  slope,  independently  of 
the  value  of  the  ciirvatiire  (Fig.  6). 


Fig.  k 


Fig.  5  Fig.  6 
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4.  We  are  concerned  with  non- functional  welfare  function 

.  .  .  ,s"'(x™),x)  ;i  =1,  —  ^ni-1  ]  But  In  system  (2.l)-(2-4), 
we  always  have 

=  Sj(x^)  =  ...  =  Sj(x“),  (j=l, . . . ,n-l)  ; 

that  Is,  our  welfare  function  needs  to  be  defined  only  for  such  values  of 

s^(x^).  Thus,  we  may  consider  only  the  existence  of  functions  of  the 
J 

following  type: 

£ 

m^jt,x),  (  ^=1  ,...,m— 1^  . 

System  (2.1)- (2. 4)  can  be  written  as  follows: 


(3.1) 

w'^(n,x)  =  1, 

(  <£=1 , . . .  ,m' 

-1)  > 

(3.2) 

1/-  In 

(1=1, . . . ,m; 

j=l, . . . ,n-l) 

n  m  . 

(3.3) 

1  ^ 
j=i  1=1 

• 

=  M(=  l/p^), 

(n  =  1)  , 

V  ri  '  ^ 

(3.U) 

V  1 

2. 

iti  J  J 

( J=l> ' 

• 

As  Is  easily  seen,  x^  (j=l,...,n)  are  functions  of  jt  and  M.  Here, 
we  assume  the  differentiability  of  w^(n,x)  with  respect  to  every 
variable.  Differentiating  (3.l)-(3.4)  with  respect  to  and  M,  we 


get 

(4.1) 

(4.2) 

(i^.3) 


>  i  n  m  N  £  bx~ 

^  +  T  y  0  , 

^  jtl  itl  dx^  ^ 

n  ds^  dx^ 

6.^  =  T  — ^  -z —  >  &41,  =  1  If  J  =  k 

•5^  tti  ax^  ^  '  jk 


=  0  If  j  ^  k  , 


m  .  m  n  ax^ 

I  ^  +  I  I  "j  ^  =  0  ^ 

1=1  1=1  j=l  X 
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J 


m  Sx  , 

(4.4)  j;  ^  ^  , 

1=1^^ 

n  m  i  dx^ 

(5-1)  I  1  h  -T^-o  , 

j=l  i=l  Sx-^ 


(5.2) 


0=1  !l  ^  > 

t=l  X  i 


(5-3) 


ran  ox 

X  .4  "j  3m  -  1  - 


i=l  J=l 


(5.»^) 


m  dx  ^x 

^  =  3m 


From  (4.1)  and  (5-1),  (i  =  1,2, 3, 4), 


(6.1) 


(6.2) 


n  dx^  ax^ 

"j"  ■  Ji 


(6.3) 


“  n  dx  dx, 

°  ~  ill  jll  ' 


(6.4) 


ox  dx  m  dx  dx^ 


Or,  in  matrix  form. 
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Now,  ^  should  he  symmetric  and  negative-definite  for 
to  satisfy  the  strong  axiom  of  revealed  preference.  From  this, 

|aM  0 

and 


if. 

0 

0 

if 

1 

CT 

n  . 

0 

0 

m 

^n 

ti 

lf_ 

0 

0 

•  if 

1 

‘"n 

0 

« 

m  \ 

cr  £, 

n  k 

(7) 

•  •  • 

vf 

1 

w  .  •  • 

n 

m 

w 

n 

Ow 

= 

vf'. . 

.  vf 

1 

w  ... 

n 

m  aw 
% 

Jt  •  •  • 

It 

1  ... 

1 

0 

Jt  *  . 

•  n  ■ 

1  .  . . 

1  0 

i* . .  - 
k 

p  t 

0  ... 

0 

0 

0  . . . 

0  0 

Here ,  i 

is 

the  J-th  column  of 

the 

unit 

matrix. 

and 

aw  . 

the  J-th 

J 

column  of 

matrix 

• 

"j 

After 

some  manipulations  on 

the 

determinants 

on  hoth  sides  of  (7)> 

if 

0 

•J 

1 

'"n- 

0 

• 

1 

if. 

• 

0 

^  • 

0 

r 

0 

*  m 

'"n 

0 

* 

°  '^n 

(8) 

P ' 

\  •  • 

-K 

0 

0  . 

..0 

* 

p ' 

J  • 

••'j 

0  . 

0  ...0 

0  .. 

.0 

0 

1  . 

.  .1 

0  . 

.  .0 

0 

1  ...1 

.  . 

8w 

1 

w  . 

n 

.  .aw^ 

n 

vf"  . 

..w“ 

aw 

1  m 

w  . .  .w 

n  n 

Here, 


AS  .  Sj  , 


cr^n  and  -  w^n 

n  n 


■i  i  -i 

■  =  (~i  ■  \ ~i)  =  ' • 

ax^  ^  ax^ 


I?"  is  symmetric  and  negative-definite. 

If  =  0  and  ^  =  0,  (8)  reduces  to 
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°  fi 

0  2"  i, 

1  ...1 

zp-.  0  / 

•  •  ^ 

0  > 

!V- 

• 

• 

o 

c 

1  m 

w  . .  .w 

n  n 

0 

u  J 

1  ...1 
1  m 

n  n 


As  is  symmetric,  this  relation  always  holds.  Our  target  is  to  show 

that  the  converse  is  also  true  for  relation  (8)  to  hold  for  any  possible 
individual  preference  orderings. 

We  consider  each  side  of  (8)  as  a  polynomial  of  the  elements 
(J  >  k)  of  and  the  elements  of  As  was  mentioned,  these 

elements  can  change  freely  in  a  certain  interval  without  violating  the 
symmetry  and  the  negative  definiteness  of  matrix  zi^.  Then  relation  (8) 
should  hold  as  an  identity.  This  means  that  the  coefficients  of  the  same 

terms  on  both  sides  should  be  equal. 

*  1  —I  ~1  —2  —£ 

Consider  the  coefficients  of  ct  ,,  s^_  ...  s  ,  ^s^.,...s 

nl  22  n-ln-1  11  n-ln-1 

...  ^  ln-1  ^oth  sides  of  (8)  for  J  =  1  and  k  =  2.  Here, 


"11 


is  the  first  element  of  cr 


^  6Uld  s^ 


n 


^  . 


JJ 


is  the  J-th  diagonal  element  of 


Tto  calculate  the  coefficients,  delete  the  row  and  column  where  each 
element  of  ,  s^p , . . .  is  located,  and  put  the  other  elements  of  a]| 
and  equal  to  zero.  Then 


n 


0 

0 

0  ... 

0 

1 

0 

0 

...  0 

0  = 

0 

0 

1  ... 

1 

= 

0 

0 

1 

...  1 

= 

”l 

8w 

2 

W  •  •  • 

n 

m 

w 

n 

”l 

dw 

^2 

2 

Wn 

m 

...  w 

n 

Here 


-m 

"ll 


W^ 


is  the  first  column  of 


Next,  consider  the  coefficients  of  g  ,  s-., 

nl  33 
-m 

■  •  •  S  .  -  • 

n-ln-1 


-1 


0 


8w 


n 


9  -  .  •  •  « 

n-ln-1 


.  1 


m 

if 

n 
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o 


0 

0 

0 

0.  . . 

0 

0 

0 

1 

0. . . 

0 

0  = 

0 

1 

0 

0. . . 

0 

1 

0 

0 

0. . . 

0 

0 

0 

0 

1. . . 

1 

0 

0 

0 

1. . . 

1 

'^1 

”2 

3w 

2 

w  . . 

n 

m 

.w 

n 

”1 

^2 

dw 

^2 

2 

w  . . 

n 

m 

.w 

n 

By  similar  reasoning,  we  get  that  vector 
dependent  on  m  -  1  columns  of 
m  -  1  columns. 


”2 


1  . .  .1 


2  m 

w  . .  .w 

n  n 


Is  linearly 
Is  Included  in  those 


-1 


— m 
^11 


Next,  consider  the  coefficients  of  sC,  s^_  .  .  .  s^  ,  , 

11  n2  33  n-ln-1 

— m 

. .  s  ^  . 

n-ln-1 


0 

1  ...  1 

1 

0 

0  . . . 

0 

0 

0  • 

0 

...  0 

dw 

2  m 

w  .  . .  w 

n  n 

=: 

0 

0 

1  .. . 

1 

0 

0 

1 

...  1 

2 

dw 

2 

Wn  ... 

m 

w 

n 

2 

dw 

s;. 

2 

^n 

m 

•  •  •  w 

n 

1  rl 


-1 


Consider  the  coefficients  of  ®n-ln-l 


— m 
®11' 


— m 

®n-ln-l 


0  1  ...1 

0 

0 

1 

0  . 

.  .0 

0 

0 

0 

0  . 

.  .0 

-1.  2  m 

wr  w  . .  .w 

= 

0  ■ 

1 

0 

0  . 

.  -0 

= 

1 

0 

0 

0  . 

.  .0 

Inn 

0 

0 

0 

1  . 

.  .1 

0 

0 

0 

1  . 

.  .1 

*^1 

”2 

dw 

2 

w  . 

n 

m 

•  «v 

n 

”1 

”2 

dw 

drtg 

2 

w  . 

n 

m 

.  .w 

n 

By  similar  reasoning,  we  get  that  vector 
dependent  on  m  -  1  columns  of 


those  m  -  1  colvunns.  Hius,  we  get  that 


fo 

1  1  ' 

i  J/ 

n 


or 


is  linearly 
is  not  included  in 


/  ° 


is  linearly 
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dependent  on  any  m  -  1  columns  of 


If 


\ 

ml 

3 

i  > 

w  1 

fV"\V 

I  w  . . .w  / 

V  n  n/ 


are 


constructed  by  m  vectors  of 
Then 


linearly  dependent,  every  m  x  m  determinant 

fxA  /li\ 

and  Iw'^l  should  vanish. 


a|  =  (-1)^ 


For  the  Laplace  expansion  of  this  determinant,  according  to  the  last  m 
rows,  shows  the  result.  Thus, 


.  .  1 


w 


n 


m 

n 


^  0  . 


Then, 

(9) 


and 


—  0.  (l  si', ...  ,mj  J  =  1,...,  n*l ) 


This  Is  the  desired  result.  As  Is  easily  seen,  these  relations  of 
derivatives  of  w^(n,x)  should  hold  at  the  point  where 

£ 

Gj(7T,X^sl  ^f£sl,...,m*l^  . 

Now  if  system  (3-l)"(3*^)  has  a  solution  such  that  x  >  0  for  some  values 
of  jtj  and  M,  and  some  function  forms  of  Sj(x^),  relation  (9)  should 
hold  at  point  (n,x).  From  the  differentiability  of  w  with  respect  to 
n  and  x,  we  may  assume  that  system  (3"l)“(3*^)  has  a  solution  for  any 
values  of  n  belonging  to  a  certain  interval  and  some  values  of  M 
and  some  function  forms  of  s^(x^). 
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Consider  relations  (3*1)  and.  (3*3): 


(3.3) 


I  I  , 


(3.1) 


ui  (n,x)  =  1  . 


From  these  relations,  ve  can  solve  (i  =  l,...,m)  as  functions  in 

other  variables  n.  and  x^  (j  ^  n).  As  is  easily  seen,  the  Jacobian 
J  J 


1  ...  1 

1  D 


^  0  . 


Differentiating  (3*3)  and  (3*1)  with  respect  to  x  ,  we  get 

J 


m  bx 

It,  +  Z  =  0  , 


J  i.i  ax^ 


au>^ 

aw^ 

ax^ 

7T  +  Z 
ax,  i=i 

ax^ 

- TT  =  0 

ax^ 

n 

J 

bJ 

c 

*^3 

/T> 

ax^ 

■ 

bx^  ~ 

J 

n 

we  get 


m  Sx^ 

Zn  _ 

i=i  ax. 


bJ  ^  bJ  ^ 

n,  — g  +  ^  — T-  — ^  =  0 

ax  1=1  ax^  ax^ 


bj^  /bx^ 

n 


N  m-1  1 

c3(jj  /ox 


au,“'v^x 


bb^ 


in-l/;.  m  ax“/ax^ 


ax^/ax^ 

n':  J 

A  k/\  k 

oXn/ax,  +  n 


n'  "j 


» 


As 


we  get 


1  m 


n 


bui  /bx 


b(J^~^/b^  . . .  bfiT^  ^/b^ 
/  n  '  ' 


n 


w 


m 

w 

n 


^  0  , 


-i  =  o  ,  (k  ^  1) 
ax. 


ax 


k  =  -  "j 


1 

From  this,  J  should  he  a  constant  which  depends  on  n  and  M 

J  J 


i=l 


if  satisfy  relations  (3.I)  and  (3*3)' 

J 

Put  this  constant  0^(n,M)  then 

I 

.1=1  J 


or 


n  ^ 

I  JtjXj  =  'I  njXj)  . 

j “1  i  J . 


Thus,  relations  (3-1)  snd  (3-3)  are  equivalent  to 

J  J 


i  J 


Tliis  means  that  if  there  exist  a  non-trivial  and  non- functional  welfare 
function,  then  there  should  exist  an  equivalent  welfare  function  such 
that  whether  some  income  distribution  is  optimal  or  not  is  Judged  only 
by  the  magnitude  of  every  individual's  Income  and  prices  of  a1 1  commodities 
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That  Is,  such  an  income  distribution  rule  does  not  need  the  demand 

structure  of  every  individual  in  detail  to  determine  the  socially  optimal 

distribution.  Or,  the  function  form  of  each  )  is  not  needed, 

n  1  J 

but  only  the  value  of  5  =  M.  euid  *  is  needed. 

1=1  ^ 

Now  consider  the  welfare  fuiictlon,  oi  (ji,x).  Then,  repeating  the 
same  procedure  as  for  u)'^(jt,x)  we  get 

ST  =  0  and  —  -  *  —  =  0  , 

J  ax  ax 


acuV^x^  •••  acD^/sx™  /  0  , 


at  a  point  where 


aa?““V^x^  ...  aa?“"V^x“ 


=  1  euid  5  5  *  =  M  . 

i  J 


at  a  point  where 


Here, 


=  1  and  2  *  1*1  =  ^  • 

i  J 


^  ^ik  '  and  ^  =  ^^  . 


1 
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From  (lO),  we  get 


Two  cases  should  be  considered. 

m-1 

(i)  1  -  5  /i  =  0  . 

i=l  ^ 

m-1 

(il)  1  -  1  °  • 

i=l  ^ 

In  case  (i),  we  get 

X.  *  ”  5  •••  f  n-l)  • 

i=l 

Here,  P  depends  only  on  the  veLLues  of  n  and  M.  This  shows  that 
lie 

the  values  of  3^  (k=l,  ...  ,  n-l)  are  determined  independently  from 
the  taste  of  m-th  individual.  On  the  other  hand,  system 

(12.1)  =  p^(n,  M)  ,  £=1,  ...  ,  m-1 

m-1 

(12.2)  M  =  M  -  ^  j6  (x,  M) 

£=1 

expresses  an  Income  distribution  rule  euid  the  values  of  M^(i=l,  . .  .,m) 
are  determined  by  this  rule  uniquely  for  given  values  of  x  and  M. 

The  optimal  commodity  allocation  to  m-th  individual  is  determined 
as  the  solution  of  the  following  system! 
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> 


J  n,x“  =  M 
J  j  m 


J=1 


ruf  ms 

”j  ■  >  ' 


• • •  f  n*! 


As  is  easily  seen,  the  solution  of  this  system  depends  on  the  function 

forms  of  s^(x°^).  In  fact,  every  set  of  positive  values  of  x™  which 

satisfies  the  budget  constraint  can  be  the  solution  of  this  system  for 

some  suitable  function  forms  of  s™(x™).  For,  from  the  freedom  of 

J 

individual  preference  orderings,  the  value  of  s™(x™)  at  an  arbitrary 

J 

point  can  be  taken  equal  to  jt,.  Thus,  we  reach  a  contradiction: 

J 

According  to  this  income  distribution  rule,  the  values  of  x^  should  be 
determined  Independently  of  the  preference  of  the  m-th  individual  on  the 
one  hand,  and  the  values  of  the  same  variables  should  be  determined 
dependently  of  the  preference  of  the  m-th  individual  on  the  other  hand. 
In  case  (it), 

m  J  m-1  m-1 


(13) 


/  [1  -  • 


Then,  from  (ll)  and  (13)^ 
I 


(lU) 


m-1  m-1 

^  "  *^ik  X.  *^ik  +  /  (1  -  Z 


i=l 


i=l 


Here,  0^^^  and  0^^^  depend  only  on  the  values  of  n  and  M  .  This 

I 

shows  that  the  value  of  Xj^  has  a  unique  linear  relationship  to  the  value 
of  x^  . 

Now,  should  be  an  optimal  commodity  allocation  to  the  m-th 

Individual.  Thus, 
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Here,  is  determined  as  the  solution  of  system  (12).  Uie  values 

of  X™  depend  on  the  function  forms  of  s'?(x*?).  If  x™  are  determined, 

<J  J  J  J 

the  values  of  Xj^  are  uniquely  determined  independently  from  the  pref¬ 
erence  of  the  i-th  individual.  On  the  other  hand,  the  optimal  commodity 
allocation  to  the  i-th  individual  should  satisfy  relations 

jtj  =  )>  J  ~  !>•••  • 

The  solution  of  this  system  depends  on  the  function  forms  of  Sj(x  )  . 

In  this  case,  according  to  this  income  distribution  rule,  the  optimal 
commodity  allocation  to  the  £-th.  individual  {£  m)  should  be  determined 
dependently  by  the  preference  of  the  m-th  individual,  but  not  dependently 
by  his  own  preference  on  the  one  hand,  and  it  shovild  be  determined 
dependently  on  his  own  preference  on  the  other  hand.  Thus,  we  reach  a 
contradiction.  Therefore,  w^(n,x)  cannot  give  the  consistent  demand 
functions  for  some  function  forms  of  b^(x^).  Hence,  there  exists  no 
non- trivial  and  non-functional  welfare  function  which  gives  consistent 
demand  functions  for  any  possible  individual  prefereiqce  orderings. 


We  have  confined  ourselves  to  the  case  where  the  optimal  social  state 


is  achieved  at  some  internal  point  for  some  values  of  s.(x  )  and  p 

J  J 

and  I.  If  we  consider  the  case  where  the  optimal  social  state  is  always 

achieved  at  some  corner  point  for  every  possible  value  of  s^(x^)  and 

J 
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p  and  I,  we  can  find  some  welfare  function.  In  [7]^  we  get  only 

u 

possible  welfare  fianctions  for  the  individual  case,  such  as 


£> /  1/  1\  HI/  \  A 

0)  (s  (x  (x  ),x)  =  0 


{Z  =  1, . . . ,m-l) 


In  this  case. 


1  ...  1 

1  m 

w  . . .  w 

n  n 


=  0  and  A  =  0 


We  have  no  solutions  for  system  (2.l)-(2.U).  In  such  a  case,  the  optimal 
social  state  can  be  achieved  if  all  commodities  are  totally  allocated  to 
the  m-th  individual.  Thus,  our  impossibility  theorem  does  not  deny  the 
existence  of  such  a  welfare  function.  The  imposed  or  dictatorial  welfare 
function  in  Arrow ' s  theorem  can  be  considered  in  such  a  way  that  the 
optimum  social  distribution  is  always  achieved  at  the  corner. 
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5.  We  cein  give  another  interpretation  of  our  impossihility  theorem. 

In  Section  3  we  gave  an  economic  interpretation  of  our  problem  in  terms  of 
the  optimal  distribution  of  Income  among  individuals.  Our  non- functional 
welfare  function  is  interpreted  as  the  rule  of  the  determination  of  the 
income  distribution. 

jt^, . . .  )  *  1  (i  =  l,...,m-l) 

expresses  the  rule;  that  is,  if  jt  and  the  total  income  M  are  given, 
the  above  equations  determine  the  optimal  income  distribution.  We  stated 
that  this  rule  determines  the  optimal  income  distribution  if  the  demand 
structures  of  all  individuals  are  given.  But  here  we  need  not  know  the 
whole  or  complete  structures  of  the  demand  functions  of  all  Individuals. 

Hiat  is,  if  we  can  know  only  the  income-consumption  functions  x^(n,Mj^) 
of  all  individuals  under  the  prevailing  price  n,  (2.1)  and  (2.2)  can 
determine  the  optimal  income  distribution.  Uiis  income  distribution  rule 
does  not  need  the  demand  structures  of  individuals  under  other  price 
constellations .  Thus,  our  non- functional  welfare  function  can  be 
interpreted  as  the  rule  of  income  distribution  if  we  only  know  the 
income-consumption  functions  of  Individuals  under  the  prevailing  price 
constellation.  Our  impossibility  theorem  assures  that  the  total  demand 
functions  derived  from  such  income  distribution  rule  do  not  satisfy  the 
strong  axiom  of  revealed  preference  for  some  demand  functions  of  individuals, 
if  the  demand  functions  of  all  individuals  can  change  freely. 

The  freedom  of  tastes  of  individuals  can  be  expressed  in  terms  of  demand 
functions.  Corresponding  to  the  freedom  to  select  the  marginal  rate  of 
substitution,  the  demand  functions  can  take  any  values  at  any  price 
constellations  in  the  Interval  described  in  Section  3  and  any  positive 
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values  of  income.  Corresponding  to  the  symmetry  and  the  negatlve- 
definiteness  of  matrix  J  ,  matrix  [-g^]  should  be  symmetric  and 


negative-definite.  Here, 


As  a  special  case  for  this  theorem,  ve  get  the  following  corollary. 

We  consider  the  income  distribution  rule  which  does  not  take  into  • 
account  the  demand  structures  of  individuals.  Such  a  rule  can  be  expressed 


as  follows: 


£ 

W  (  ^ y  *  *  *  y  ^m  ^  ~  ~  l,...,m— l). 

This  type  of  rule  can  be  considered  as  a  special  case  of  the  above- 
discussed  rule, 

. . .  ,n,  x^(  n,M^), . . .  ,x'°(  n,M^) )  =  1  (i  *=  l,...,m-l). 

As  already  shown  in  Section  14-,  such  a  distribution  rule  may  violate  the 
integrability  condition  for  some  individual  preference  orderings.  In  fact, 
we  proved  the  general  impossibility  theorem  by  reducing  the  impossibility 
of  this  special  distribution  rule.  Or,  we  may  say  in  a  converse  way  that 
even  if  the  income  distribution  rule  is  generalized  so  as  to  take  into 
account  the  income-consumption  structure  of  every  individual,  the  demand 
function  of  society  derived  from  it  may  violate  the  strong  axiom  of 
revealed  preference  for  some  individual  orderings. 

The  income  distribution  rule,  which  takes  into  account  not  only  the 
income-consumption  structure  but  also  the  price-consumption  structure  of 
every  individual,  is  nothing  but  the  functional  welfare  function.  Of 
course,  we  can  find  an  income  distribution  rule  such  that  the  demand  functions 
derived  from  this  rule  satisfy  the  strong  axiom  of  revealed  preference  for 
any  individual  orderings. 
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6.  In  this  section  we  shall  study  the  case  where  the  marginal  utility 
of  money  is  constant.  We  shall  interpret  the  constant  marginal  utility 
of  money  in  Hicks's  sense  [5].  In  this  case,  by  a  simple  calculation, 

...  . 

is  symmetric  and  negative-definite.  Hence,  3-  is  also  symmetric 

On 

and  negative-definite.  Uius,  any  welfare  function  can  give  the  demand 
function  satisfying  the  strong  axiom  of  revealed  preference.  It  is  shown 
in [7]  that  the  only  possible  welfare  function  is 

U)  (s  (x  ),...,s  (x  ),x)  =  ;  i  =l,...,m-l  , 

if  the  definition  domain  of  the  choice  function  consists  of  all  subsets. 
As  is  easily  seen,  |a1  =0  for  such  a  welfare  function. 

This  difference  is  caused  by  the  difference  of  the  domains  of 
definition  of  the  choice  fiinctions. 

Moreover,  it  is  impossible  to  find  a  welfare  f\inction  such  that 
system  (l.l)-(l.3)  gives  the  demand  fvuictions  satisfying  the  strong 
axiom  of  revealed  preference,  even  if  the  individual  preference  orderings 
are  restricted  to  those  of  constant  marglneO.  utility  of  money.  The  proof 
will  be  omitted. 

Thus,  we  see  that  the  impossibility  theorem  depends  on  the  market 


situation  assumed. 


7.  In  this  section,  we  shall  consider  the  case  of "homogeneous  utility." 
We  can  find  a  non-functional  welfare  function  such  that  the  demand  functions 
satisfy  the  strong  axiom  of  revealed  preference  for  any  possible  individual 
preference  orderings  of  homogeneous  utility.  Hie  rule  of  "a  shibboleth," 
called  so  by  Samuelson  [8],  or  the  income  distribution  rvile  of  constant 
relative  share,  is  such  a  welfare  function.  This  can  be  seen  as  follows. 

Consider  the  following  welfare  function: 


Here,  the  ' s  are  non-negative  constants. 


Let 


/  m-1 

/  (  I  ^1+1)  >  0  ' 

/  i=l 


Then 


m-1 

(  I  a.+l)  >  0  . 

i=l 


m 


Put 

n  js 

I  n.x  =  M  (i  =  l,...,m)  . 
j^l  J  J 

0 

Then  u)  =1  is  equivalent  to  .  This  means  that  our  welfare 

function  expresses  the  rule  of  income  distribution  of  constant  relative 
share.  In  case  of  "homogeneous  utility," 


x^(n,M^)  =  aj(n)M^  . 


Thus, 
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From  this,  matrix 


.1  i  2, 


is  symmatric  and  negative-definite. 


As  is  easily  seen,  matrix 


ni 

1 

i=i 


is  also  symmetric  and  negative-definite. 

Next,  consider  the  total  demand  functions  x 

J 


Xj(n,M)  =  J  M) 


=  »f« 


prom  this. 


p 

dx.  dx,  m  Saf 


Our  target  is  to  show  that  matrix 


m  oa  m  ,  “  , 


is  symmetric  and  negative-definite.  Now,  as 


From  this,  f)  is  symmetric. 


Now, 


This  can  be  seen  as  follows;  Ihe  following  inequality  (Schwarz)  is  well- 
known: 

(I  Ci  <  (I  £^)(&^)  • 

i  I  i 

Put 

£<  =  »^  «>d  1,  •  I  . 

Then 

(Zca)"-{Zs/Z»j  Sjf 

=  1  Z  -i^Zs/Z*' 5j)^  • 

^  '  k  I  <  ^  *J*k  z  ei(Z  kj5j) 

da^ 

"  k  J  i  ^  ^  k  J  i  ^ 

=  I'tl  <  0  for  I  0  . 
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For, 


In  our  case. 


Hence, 


n 


I  s-J(x*)x; 
J=1  ^  ^ 


^^n  1.  I . 

-  —£  “  ’ 


Bx 


J 


n 


£,  iv 

"j  =  “j*-  )  • 


n 


“  ”  ■  J.1  J  ■>  ■ 


Hius,  the  Income  distribution  rule  is 


J  = 


a 


n  /  n  , 

I  It  /  (  I 

j=l  -J  j=l 


This  is  a  "shibboleth  income  distribution  rule." 

It  is  shown  in  [8]  that  if  a  social  welfare  function  of  the  Bergson- 
Samuelson  type  is  given,  there  exist  social  indifference  curves.  As  is 
easily  seen, the  theorem  about  the  existence  of  the  social  utility  index 
in  [3]  is  only  a  specisd  case  of  Samuelson's  theorem  in  [8].  If  th^ 
welfare  function  of  special  type  (ll)  did  not  have  some  economically 
meaningful  characters,  the  theorem  in  [3]  might  be  trivial.  But,  as  was 
shown  above,  welfare  function  (ll)  expresses  the  Income  distribution  rule 
of  consteuit  relative  share.  As  is  mentioned  in  [8],  it  is  generally 
incompatible  with  the  maximization  of  a  social  welfare  function.  But  if 
individual  orderings  are  restricted  to  the  homogeneous  ones,  a  "shibboleth" 
income  distribution  rule  is  compatible  with  the  maximization  of  social 
welfare . 

It  is  shown  in  [1]  that  if  individual  preference  orderings  are 
restricted  to  the  single  peaked  ones,  the  simple  majority  decision  mile 
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satisfies  Arrov's  five  conditions.  (Dlls  theorem  shows  that  If  Individual 


preference  orderings  are  restricted  to  the  ones  of  some  special  prop¬ 
erties,  we  may  he  able  to  find  a  social  decision  rule  which  satisfies 
Arrow's  five  conditions.  Die  results  In  the  previous  section  and  In 
this  section  show  that  the  same  Is  true  for  our  formulation. 

Footnotes 

1.  If  the  definition  domain  Is  the  class  of  all  subsets,  the  weak  axiom 
of  revealed  preference  Is  equivalent  to  the  strong  axiom.  Kils  Is  shown 
by  Arrow  In  [2].  But  If  the  definition  domain  Is  of  the  class  of  budget 
constraint  sets,  the  weak  axiom  cannot  Imply  the  strong  axiom.  This  Is 
shown  by  Gale  In  [  4-  ] . 

2.  For  this  relation,  see  [6]. 

3.  We  assume  In  the  following  that  m  >  1  and  n  >  2.  If  m  ■=  1,  we 
have  no  social  choice  problem.  If  n  =  2,  we  have  no  problem  of 
Integrablllty  condition.  Ilius,  if  the  number  of  commodities  is  two,  any 
welfare  function  has  the  desired  property.  In  Arrow's  case,  the 
Impossibility  theorem  holds  for  more  than  one  commodity  world.  Hiis  is 
stated  as  a  corollary  (Possibility  Theorem  for  Individualistic  Assumptions), 
P..63  in  [1].  ISils  difference  Is  caused  by  the  fact  that  our  social  choice 
function  is  defined  on  the  sets  In  an  n-dlmenslonal  space  and  Arrow's  social 
choice  function  Is  defined  on  the  sets  In  an  m  x  n-dimensional  space. 
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School  of  Englnssrlng 
University  of  California 
Los  Angelas  24*  California  1 

Professor  Jamts  I.  Bclss 
1  University  of  California 

Agricultural  Bxpsrlmsnt  Station 
Beikslsy  4*  California  1 

Professor  0.  R.  Brownlss 
1  Departnent  of  Economies 

University  of  Mlonesotn 

Minotapolls  14*  Minnesota  1 

Profsssor  S.  8*  Calms 
1  Hsad,  Dept,  of  Natbomntlcs 

Ifttlverslty  of  Illinois 

Urbam*  Illinois  1 

Mr.  SsMiel  L.  Carrel  1 
7022  Tokalon  Drive 

1  Dallas,  Texas  1 

Professor  A.  Chamss 
The  Tsehaologlcal  Institute 
Bertbwestem  University 

1  Evnnaton,  Illinois  1 

Professor  John  8,  Chlimnn 

Departnent  of  Eeonomles 

University  of  Minnesota 

Minneapolis  14,  Mlnassota  1 

2 

Professor  Carl  Christ 
Department  of  Polltlsnl  Beonomy 
The  Johns  Nepklna  Ublverslty 

1  Baltimore  I8,  Maryland  1 

Professor  Randolph  Chureb 

U.  S.  Bavnl  Postgyndunte  School 

Monterey,  Cnllfomla  1 

1  Professor  C.  W.  Churelmno 

School  of  Buelneee  AAslnlstmtion 

University  of  California 

Berkeley  4,  California  1 

1 

Professor  W.  W.  Cooper 
Director  of  Research 
Departaent  of  Economies 
Carsegls  Institute  of  Technology 
1  Pittsburgh  13,  mnnsylvanls  1 

Mr.  Martin  David 
Treasury  Departaent 

Washington  23,  D.  C.  1 

1  Professor  Oemll  Debreu 

Departaent  of  Economies 
University  of  California 
Berkeley  4*  California  1 

I 

Professor  Robert  Dorfnan 
Departaent  of  Economies 
Harvard  University 

Cambridge  33,  Massachusetts  1 

1 

Mr.  Louis  Doros 
Managsmeot  Engineering  Staff 
Bureau  of  Yards  and  Docks 
Departaent  of  the  Envy 

1  Washington  23,  D.  C.  1 

Bear  Ada.  B.  E.  Eeeles*  USH*  Ret* 

101  Washington  Street 

Newport*  Rhode  Island  1 

1 

Mr.  Daniel  Ellsberg 
Tbe  RAND  Corporation 
1700  min  Street 

Santa  Monica,  California  1 

1 

Alain  Enthoven 
3009  Holly  Street 

Alexandria,  Virginia  1 
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Prof«««or  Eb«r)Mr4  Fvla 

UU5  CL 

Unlvvraliy  of  Flttstursta 
Pittsburgh  15*  PanMylTunlo 

Dr.  MarrlU  M.  Plood 
Mantol  HMlth  ItoaMrch  Institutt 
205  Vorth  Fort  St  Avsnos 
Ann  Aihor*  Nlehlgsn 

Profsssor  DsTld  0ol« 

Duportasot  of  MsthMStles 
Btovb  UnlTsrslty 
ProrlAsneSf  Roods  Xslsod 

Mr.  Mursy  Oslslsr 
Ths  nUD)  Corpoxmtloo 
1700  Nsla  8trs«t 
S«atd  Moalod*  Cdlifomla 

Profsssor  B.  Oslhsua 
Dspsrtaent  of  Mstbsastlss 
Utalvsrslty  of  MtaDSSOta 
Niansspolls  14,  Mlanssots 

Olsnolnl  Poundstloo  Oround>Ustsr  Studios 
Oluaial  Fouodstloa  of  Agrl.  Isoaoales 
UolTsrslty  of  Cslifomls 
Bsi^slsy  4,  Csltfomio 

Mr.  B.  J.  D.  OlUlss 
MSLrkstlog  Bsssoreh  Dspsrtasnt 
Olio  Msthlsaon  Chsalftsl  Corp. 

275  Vloehastsr  Avsmts 
Itev  Hsvan  4,  Coonsetleut 

Dr.  R.  B.  qoasry 

nM  Bsssoreh 

forfctovB  Xsl^ts^  Torfc 

Profsssor  Zrl  Orlllshss 
Dspsrtasot  of  teoDosdes 
Uotvsrslty  of  Chleogo 
Chlesgo  57*  tlllaols 

Dr.  lasdors  BsUsr 
■svy  ihfwgsasnt  Offlss 
Voshington  25*  D.  C. 

Or.  Thsodors  B.  Borrls 
Ths  RAliD  Oorpormtloa 
1700  min  StrMt 
Soats  Maoleo*  Collforols 

Profsssor  C.  Lovsll  Sorrlss 
Dspsitaant  of  loooodles 
Col^Mbis  IBtlvsrslty 
Bsv  York  ;;7*  Rsv  York 

Or.  Jotar.  C.  Horsoayl 
Dspsrtasnt  of  leocuales 
Vsyos  btsts  OnlTsrslty 
Dstrolt,  Mlehlgsn 

Profsssor  M.  B.  Bsstsoss 
Dspsrtsoat  of  Itetbssstles 
UnlTsrslty  of  Csllfomls 
Los  Aagslss  24^  Csllforols 

Profsssor  C.  llldrstb 
9>A  Vslls  IhkU*  J.  A.  8.  A. 

Mlehlgso  Ststs  UblTsrslty 
Rsst  Isnslng,  Mieblgaa 

Mr.  C.  J.  Hitch 
Tbs  RAID  Oorporstloo 
1700  IMln  Strsst 
Ssots  Mooles,  Csllfomls 

Dr.  Alsn  J.  HoffSsn 
191  Rssssreh  Csotsr 
Box  2l6 

Torfctovn  BsigbtSi  Isv  York 

Profsssor  Austin  Bo^gstt 
School  of  Buslosss  Adnlnlstrst ion 
University  of  Csllfomls 
Bsrkslsy  4,  Csllfomls 

Dr.  C.  C.  Bolt 
Depsrtmnt  of  Seonosles 
University  of  Vtseonsln 
Msdlson  6*  Wisconsin 

Dr.  John  V.  Booper 
Cowles  Foundstioo  for  Rssssreh 
la  Beonosles 
Tsls  Station,  Box  2125 
■•V  Hsven,  Coansctlcut 

Profsssor  H.  Botslling 

Dspt.  of  MsthMStlssl  Btstlsties 

Ihilvsrsity  of  Rorth  Csrolls* 

Cfaspsl  Rill,  Rorth  Csrolifss 


Profsssor  H.  8.  Southskksr 
Ospsrtaont  of  IsombIso 
Hsrmrd  Uhlvorslty 
CsBbrldgs  56,  Mssssshiisstts 

Dr.  R.  M.  Bui^s 
Dspsrtasnt  of  Rtnsatrlos 
Sehool  of  Arlstloo  Modlsios 
1  U.  8.  A.  P. 

Rsadolph  Plsld,  Tsxss 

Professor  Lsosld  Isnrlss 
Dspsrtasnt  of  BsosimIss 

I  Unlrerstty  of  lliaassots 

Mlansspolls  14*  lliaassots 

Professor  J.  B.  JSshsoa 
Kuisesaset  Bsissess  Rssssmh  Piajsst 

1  Uhlvsrslty  of  Onllfomls 

Los  ASRslss  P4,  Osilfomls 

Profsssor  Dsls  V.  JerRsnaea 
Dspsrtasnt  of  Bsonsalss 

1  Onlvsrslty  of  Onllftmls 

Berkeley  4,  Csllfomls 

Johas  Hopkins  Uhlvsrslty  Llfesary 
Aunulsltloas  Ospsitasat 
I  Bsitlaors  18,  Hsiylsirf 

Cspt.  Whiter  I.  iMn,  UHB 
Office  of  Hsvsl  Bssssrsii 
Cods  400 

Dspsrtasnt  of  ths  Hnvy 
1  Wsshloctos  25,  D.  C. 

Professor  Lswrsnss  Qsta 
Dspsrtasnt  of  Booaoalss 
1  University  of  ^snaylvssis 

Rdlsdslphis,  tanasylvssls 

Profsssor  T.  C.  Xoo(asns 
Cowles  Poundstloa  for  Rsnssrah 
1  la  Beoaaales 

Tsls  Btstlon,  Box  2125 
Hew  Haves,  Coaasstleut 

1  Profsssor  Harold  V.  Kuhn 

Depsrtaast  of  Itethsastlss 
9vn  Mnwr  Od11s«s 
Bryn  Mawr,  Psaasylvsnls 

I  Dr.  Howard  Caltls 

Ths  HARD  Corporation 
1700  Mala  Stresrt 
Beats  McNasa*  California 

1  Professor  C.  I.  La*s 

Dspartasot  of  mthsastles 
Rsnssslasr  Polytschnleal  Xasititato 
Troy,  Hew  Torfc 

1  Profsssor  W.  W.  Lsoatlsf 

Oepartasnt  of  Bcoocalos 
Harvard  University 
Caabrldge  56,  Ihssechusetts 

1  Dr.  Bernhardt  Liebsrsan 

Center  for  Xatsmntioaial  Affairs 
6  Divinity  Avenue 
Harvard  university 
Cnabridse  56,  Massnohunetts 
I 

Professor  8.  B.  Llttsusr 
Ospt.  of  Industrial  IWRlnesrlSR 
Colwbls  Uaivsrslty 
Hew  YoTfc  27,  Hew  York 

I 

John  Y.  Lu,  Senior  fcoooaalBt 
CEIR,  Ific. 

Los  Angslss  Center 
9171  viishlrs  Hvd. 

1  Beverly  Rills,  Cellforaln 

Dr.  H.  Duaesa  Lass 
Dspnrtsant  of  PsysholoRy 
University  of  ^iwisylvanln 
1  Kilndslphls,  ^ensylvenln 

Dr.  Crelc  A.  Micwire 
8825  Tlsa  Avenue 
fair  Osks,  Cnltfomln 

1 

Bsfkolt  Itandelhrct 
Xntemntioanl  Busiaeas 

Msohines  Oerporatloa 
Rssssreh  Center 
P.  0.  Box  2lB,  Le^  Rstate 
1  Toiktowu  Reiebts,  Rev  Task 

Profeesor  Julius  HnrRolls 
Oepsrtasat  of  Isslssss  Atelslstratloa 
university  of  Csllfomls 
1  Bsrkslsy  4,  Osilfomls 


Mr.  Harry  M.  Naikowlts 
Loclstlss  Dt  part  east 
Ths  HARD  Corpomtlon 
1700  I91B  Stmat 
Santa  Moalsa,  OalifamSa 

Professor  Jaaoh  Marastak 
Bshool  of  Baslaass  Atelslstiatloa 
univaralty  of  California 
X  Loa  Asgslas  84,  Oallfovala  1 

Thoaas  Maraelak 

Sshoal  of  Dttslasss  Adalalstratloa 
Daivarslty  at  Callfwata 

1  BwkaXsy  4,  Oalifomla  1 

Profasaor  Lioasl  M.  NsKsasls 
Dapartaost  of  Issaoatss 
Daivarslty  of  Roshsstsr 
1  Mvor  Csapas  Btatioa 

Roshsstar  20,  Bsv  Tosk  X 

Hr.  Jesspk  Mshr 

Bsad,  Opsvatloas  Rssearsk  Dssk 

1  U.  B.  B.  Timlali^  Dsvlos  Osater 

Port  Washl^toa,  L.  X.,  Bsv  York  X 

9r.  Rlshard  A.  MlUsr 
1  4071  Wsst  7th  Ptrset 

Pork  Worth  7,  Tsaas  1 

Pmfesaer  risasn  MedlRllaal 
Omd.  Bshool  of  Tsdast i  Isl  AAalalotmtloa 
CamsRis  Xastltut#  of  Teshaolocy 
1  Pittsburgh  13*  Hwanylvanla  1 

Profsssor  Jsass  Moors 

Dapt.  of  Industrial  kRlaserlsR 

■orthaastsra  Dhlveralty 

1  Bastea  12*  Mssaashiisetta  1 

Profasaor  0.  MoiRanstam 
Boensastrla  Raaaarsh  Pi  n^ss 
Prlaaatoo  Univaralty 
98-A  lasaau  Straat 

1  PriaastoB,  Bav  Jarasy  1 

D.  R .  Rswu^ua 

Chiaf,  Xaiustrlal  ft^lassrlsR  Dlvtslea 
Co^trollsr 

I  Idqrs.*  8aa  Rsmaxdino  Air  MatarlaX  Ama 
Baskos  Air  Poros  Rasa,  Calif cmla  X 

Mr.  M.  L.  Borden 
Rasaareh  Divlstoa 
1  Oallaaa  of  Baslnasrlas 

Bav  York  University 

Bav  York  55*  Hsv  York  I 

Profsssor  R.  R.  O'Bslll 
1  Dspartasat  of  ^^lasarlng 

university  of  Cnllfomls 
Itfs  Aisles  24,  Osilfomls  I 

Mr.  Rlehsrd  T.  Pnlerao 
1  OperutlOBS  Rsaoarsb  Dspsrtavst 

wiUov  Run  laboratories 

Tpsllantl,  Nlehi«sn  1 

Professor  Donald  tatlafcln 
Dspartasat  of  Xeonoales 
1  University  of  Csllfomls 

Berkslsy  4,  Csllfomls  1 

Profsssor  M.  Riley 
501  Stephans  Mmorlsl  HsU 
1  university  of  Csllfomls 

Berkeley  4,  Csllfomls  1 

Professor  D.  Rossnblstt 
Depsrtsent  of  Btstlsties 
Tbs  Oeorgs  Vsshiaftoa  University 
i  Vsshlj«too  7,  D.  C.  1 

Professor  Nurxuy  RosanbXntt 
Depart  as  nt.  of  Natbsaaties 
Brovn  university 

1  Provldsnee  12,  Rhode  Xalaad  1 

Professor  A.  I.  Ross,  Head 
Dspartasnt  of  Nathsaatlsa 
1  university  of  Rotrs  Dana 

Hotre  Dsna,  Indiana  I 

Arofassor  Jsrem  Rothaabarg 

TTsjartasnt  of  Bsonoades 

Rorthwastam  Uslvarslty 

Bvaoaton,  XUlsDls  1 

1 

Profsssor  Albert  H.  Rubanstalm 
Oapartaant  Xaduatrlal  Rnglassrlag 
Rortbwsatam  University 
Rvanaton,  XlUaols  1 

1 


11 


Coatruot  ■aar-225(50) 
Mgr  1962 


1 


PK>fcs»or  Rerwa  nubia 
Dapartaunt  of  Stutlatles 
Michigan  Stat*  Onlvaralty 
East  lAasinc,  lUehljaa 

Profaaaor  Richard  &■  RudxMr 
DcpartacBt  of  ntlloso^iy 
MlehlRaA  State  UhiTerclty 
teat  lAaalng,  MlehlRan 

Profaasor  ?.  A.  Saaualaon 
Departaent  of  leonoalca 
M.  X.  T. 

Caabridsa  >9*  teaaaehuactts 

Z>r.  I.  Richard  Savaca 
School  of  Bualncaa 
VlficMt  Rail 
Unlvaralty  of  Mlnnaaota 
Mlnnaapolla  Ih,  Mlnnaaota 

Profasaor  Aodraw  8ehultt|  Jr. 

Dept,  of  Xaduatrlal  Ba<loacrinc 
Comall  Univcralty 
Ithaca,  Raw  York 

Profaaaor  R.  A.  Slaoa 
Dapt.  of  loduatrlal  Adalnlatratlon 
Camegla  laatituta  of  Taehnolocy 
Plttaborgh  13>  Panncylvanla 

Nr*  J.  R.  Slapaon 

Bureau  of  Suppllaa  and  Aecounta 

Coda  (W}1) 

Arllnctoa  Aanax 

U.  S.  Dapartaaot  of  the  tevy 

Waahlncton  2J,  D.  C. 

Brafaaaor  Vemoa  Salth 
Dapartaant  of  Eoonoalca 
Furdua  tMlvaralty 
Vaat  Lafayatta,  Indiana 

Profaaaor  laurla  Snail 
Dapartaant  of  Mathaaatlea 
Dartaouth  Collcga 
Raaovar,  Raw  Ra^tahlra 

Profaaaor  Rebart  Solow 
Oapartnai  t  of  Eeonoalca 
M.  X*  T. 

Caabrldca  Kaaaaehuaatta 

Profaaaor  Ri'jart  Statecra 
Sapartaant  jf  Zeonoadca 
Uhlvaraity  of  Pannaylvaala 
Phlladalphla^  Pannaylvanla 

Profaaacjr  Gerald  Thoaipaoa 
Dapt.  cf  Induatrlal  Adalnlatratlon 
Caroagia  Xnatltuta  of  Tachnolosy 
Plttal-urgh  13#  Pannaylvanla 

Profaaaor  R«  M.  Thrall 
Dapartaant  of  Mathaaatlea 
VolTcralty  of  Mlehl^an 
Ann  Arbor,  Mlcbl^tan 

Profaaaor  L.  M.  Tlel.vlnaKy 
Dapartaant  of  Lo^lnevrlnf; 
Jnlvart.it>  of  California 
terkaley  ,  California 

Pr'-feavor  Jvava  Tobin 
Oouiiell  f  K(r  lA/alc  Ad«l.«rr 
ilx«-'uilTa  Ufi'lea  —i  Pi-««ldntt 
Waablrw^vn  D.  C. 

Profaaaor  C.  b.  >t  >  I'ls 
Dapt.  of  Matbaaatlo 
Unlvaralty  of  Cailfamln 
IioB  Angalaa  24,  California 

Profasaor  A.  V.  Tuehar 
Pina  teU,  Box  706 
Prioeatoa,  Rev  Jaraay 

Profaaaor  Rlroflal  Urava 
Bahavioral  Sclancai 
202  Junlparo  Sarra 
Stanford,  California 

Profasaor  D.  F.  Votav,  Jr* 
Dapartaant  of  Eeonoalca 
Tala  Unlvaralty 
■av  Havan,  CoonactScut 

Profaaaor  V.  A.  VaUls 
207  Hateall  Rail 
Unlvaralty  of  Chicago 
Chicago  37,  Illloola 


1 


1 


I 


I 


1 


1 


1 


1 


1 


1 


I 


I 


1 


1 


Profaaaor  J*  L*  Ualah 
Dapartaant  of  tethaaatles 
Barnard  Ualraralty 

Caabrtdd*  36*  Maaaaehuaatta  1 

Br.  T.  Mhltta 

School  of  Xaduatrlal  Managsaant 

teas.  Xnatltuta  of  Tachnoloor 

Caabrld^a  5'',  teaaachuxatta  1 

Mr.  Philip  Volfe 
nta  BARD  Corporatlun 
1700  tela  Straat 

Santa  Monica,  California  1 

Profaaaor  J*  'i^ifovltc 
Dapartaant  of  tethaaatiea 
Comall  Unlvaralty 

Ithaca,  Raw  York  1 

Profaaaor  Robart  J.  Molfaoa 
CRIB,  Inc. 

9171  Wllahira  Blvd. 

Bavarly  Hilla,  California  1 

Mr.  Marshall  K.  Wood,  Chlaf 
Induatrlal  Vulnarabllliy  teaaeb 
Office  of  Aaa't.  Sac.  of  Dafanna 
Uaahtncton  25,  D.  C.  1 

Profaaaor  M.  A.  Voodbury 
Dapartaant  of  tetbaaatles 
Raw  York  Unlvaralty 

Raw  York  53,  Bw  York  1 

Dlatrlhutlon  via  0MB  Loedoo 

CoManding  Officer 
Branch  Office 
tevy  Ro .  100 
Fleet  teat  Office 
■aw  York,  Raw  York 

Profaaaor  Maurice  AUnla 
62  Boulevard  St.  Mlebal  (VI  ) 

Paris  6«,  PBARCE  1 

Mr.  Vtlllaa  N.  Oormn 

Ublvwraliy  of  Blmlnghaa 

Blfalnghaa,  antARD  I 

Mr.  Fraak  Hahn 
Dapartaant  of  F.cooaales 
Churchill  Collaga 

Caabrldga,  ZMOlARD  X 

Dr.  Rudolf  Hussar 

laatitut  fur  antawandta  tethsaatlk 

Unlvaraltat  Bam 

Bam,  SwrrZHtXARD  ) 

M.  Jac«iuas  laaouma 
Soeiata  da  a  Natbsaat  l<)uaa 
Appllqwaaa 
55  rua  Mogador 

terts  W,  PRARCR  ^ 

Dr.  bdaood  tellnvaud 
Xnatltuta  Rational  da  U  Statlatl^ua 
at  la*  ftulas  Lcoo-jal  luaa 
2  ,uaI  Hra.ily 

terlt.  Hv'-TCr  i 

Fr\>i\  r-.f  Mfwric*  Pteteno*- 
►■i.'ttl*./  •!  C.«a»rv« 

<•)»*  '  *lal  ..c1e>.«'v 

'lufvartl*^  -’f  l•lrKlll,r;■aa 
Plnbln,'iMiw,  -RGIAMD 

Prx.fesvor  Dr.  Halat  Saucraann 

Instltut  fur  Kmadanvarkahravlaaanachaft 

Orafatmaac  39 

Frankfurt  a.  M.*  CEJBVUrr  1 

Professor  Hanrl  Thall 
Econoaetrlc  Xnatltuta 
Ratharlands  School  of  Eeonoalca 
Rotterdaa,  NTnORUUIDS  ^ 

Platrlbutloo  via  ORB  San  Franclaeo 

U.  S.  Attache 

Attache  for  Air  (Tokyo,  Japaa) 

APO  •  500 

San  Fraaelaco,  California 

Pmfaasor  Mlehto  Morlahlaa 

Xnatltuta  of  Scaial  and  Beenoale  teBaareh 

Osaka  thilvwraity 

Toyonaka,  Osaka,  JAPAR  ^ 


Oaaka^Datvamitp 

Toyonaka*  Oaaka*  JUU  1 

Dr.  Tauaahtlrn  Mataaaha 
tepartaaat  of  Baanoadao 
Oaahala  UMlvarslty 
Hajiro,  TaaiOaaku 

Tokyo,  JMBUI  1 

Profaaaor  TRInaa  Thaal 
Dapartaant  of  Eaaaaaiaa 
Tohoktt  UMl varsity 

santel,  JAFMI  I 

Other  Poral^  Addraaaaa 
Jaa  IManta 

Dapartaant  of  BaoaanSea 
Ohlvamtty  of  Spdaay 

Sydney,  AUBIBRUA  1 

Profaaaor  David  Slater 
Quaaa’a  UMtaaralty 
KiM*toa,  Ontario, 

CRBADA  1 


Additi.teal  aepiaa  for  paojact  leader 
and  aaalataata  aad  raaarwa  for  fotura 

raqulmaaata  50 
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